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Nonivamide, a natural analog of capsaicin, affects intracellular Ca** level in
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Abstract

Effect of nonivamide, a natural analog of capsaicin, on intracellular Ca*" level of rat thymocytes was
examined using a flow-cytometric technique with appropriate fluorescent probes in order to further characterize
the cytotoxicity because nonivamide can be used as an active intergradient of antifouling paints. Nonivamide
at concentrations ranging from 30 uM to 300 pM significantly increased the intensity of Fluo-3 fluorescence.
The potency of 100 pM nonivamide to increase the fluorescence was similar to that of 100 pM capsaicin. The
increase in Fluo-3 fluorescence by 100 pM nonivamide was attenuated under an external Ca*'-free condition.
Nonivamide at 100 uM also increased the intensity of Fluo-3 fluorescence in the continued presence of 100 uM
capsaicin. It is suggested that nonivamide at high micromolar concentrations increases intracellular Ca®" level
via the activation of vanilloid receptors. Nonivamide concentrations (30 puM or more) that increase
intracellular Ca®* level in rat thymocytes are comparable to those in algal cells. However, it is something hard
to argue the implications in environmental science because nonivamide doesn’t seem to be released into
environment in such a high concentration, and because bioaccumulation of nonivamide has not been reported.
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Introduction Capsaicin increases intracellular Ca®" levels in several
types of cells. The increase in intracellular Ca®"
Nonivamide is a natural analog of capsaicin that level is one of common features in the cytotoxicity of

is an active component of chili peppers (Constant et chemical compounds (Kass and Orrenius, 1999). In
al., 1996). This irritant substance is used as this study, the effect of nonivamide on intracellular
incapacitant spray, food additive, and ointment Ca’" levels of thymic lymphocytes was examined by
(Wang et al., 2001; Manirakiza et al., 2003; Haber et a flow cytometric technique with fluo-3, a fluorescent
al., 2007). It is recently proposed that capsaicin indicator of intracellular Ca®".

analogs, including nonivamide, are used as an active

ingredient in antifouling paints that are applied to the Methods and Materials

bottom of a ship or boat that floats on the water to

inhibit mussel attachment to the hull (Angarano et al., This study was approved by the committee for
2007). Thus, capsaicin analogs are toxic to animal experiments in our university (Registered No.
organisms living around ships or boats (Angarano et 05279).

al., 2007). If the active ingredient is released from All methods employed in this study were

the paints to waters, the agent would be an described in our previous papers (Chikahisa and
environmental pollutant. It is the cases for Oyama, 1992; Matsui et al., 2008). In brief, thymus
organotins (Hoch, 2001). Therefore, it is necessary glands dissected from ether-anesthetized Wistar rats
to further characterize the toxicity of nonivamide. were sliced with a blade under ice-cold conditions.
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The slices were triturated by gently shaking in chilled
Tyrode’s solution to dissociate the thymocytes.
Thereafter, the beaker containing the cell suspension
was incubated in a water bath at 36-37°C for 1 h
before the experiment.

Fluo-3-AM was used to monitor changes in the
intracellular Ca®" level (Kao et al., 1989). The cells
were incubated with 500 nM Fluo-3-AM and 5 uM
propidium iodide for 60 min prior to any fluorescence
measurements. Fluo-3 fluorescence was measured
in the living cells that were not stained with 5 pM
propidium iodide. The excitation wavelength used
for Fluo-3 and propidium was 488 nm, and the
emission was detected at 530 + 15 nm for fluo-3
fluorescence and at 600 + 20 nm for propidium
fluorescence. The fluorescence was analyzed by
JASCO software (Version 3.06; JASCO, Tokyo,
Japan).  Statistical analysis was performed with
Tukey’s multivariate analysis. A P value of <0.05
was considered significant. Values (columns and
bars in figures) are expressed as the mean and
standard deviation, respectively.

Results

Nonivamide at 30 uM increased the intensity of
Fluo-3 fluorescence in a time-dependent manner after
the start of application (Upper panel of Fig. 1).
Increase in the concentration of nonivamide (100
uM) produced further augmentation of Fluo-3

fluorescence (Lower panel of Fig. 1). The peak
intensity was observed at 10 min after the start of
drug application, thereafter, it gradually decreased.
The intensity of Fluo-3 fluorescence monitored at 10
min after the start of drug application (100 pM
nonivamide) was significantly higher than that at 60
min (Left panel of Fig. 2). Therefore, the
concentration-dependent change in the intensity of
Fluo-3 fluorescence by nonivamide was examined at
10 min after the start of drug application. As shown
in the right panel of Fig. 2, nonivamide at the
concentrations of 30 uM and more (up to 300 pM)
significantly increased the intensity of Fluo-3
fluorescence. 1In order to reveal the source of Ca*
for nonivamide-induced increase in  Fluo-3
fluorescence, the effect of nonivamide was examined
under an external Ca*"-free condition. As shown in
the left panel of Fig. 3, nonivamide at 100 uM did not
affect the intensity of Fluo-3 fluorescence under
external Ca*"-free conditions.

Capsaicin is reported to activate vanilloid receptor
(Caterina et al., 1997), resulting in the increase in
intracellular Ca®>" level (Inoue et al., 2002). Our
experiment also showed that capsaicin at 100 uM
equally increased the intensity of Fluo-3 fluorescence
(Right panel of Fig. 3). To test the possibility of the
cross desensitization between nonivamide and
capsaicin, the effect of capsaicin on Fluo-3
fluorescence was examined at 60 min after the start of
nonivamide application and vice versa.
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Figure 1.
nonivamide.

Time-dependent changes in the intensity of Fluo-3 fluorescence in the continued presence of
Column and bar respectively indicate average intensity and standard deviation of four samples.

Asterisks (**) show significant difference (P < 0.01) between the groups treated without and with nonivamide.
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Figure 2. Concentration-dependent change in the intensity of Fluo-3 fluorescence by nonivamide. Left panel;
the comparison of Fluo-3 fluorescence intensity at 10 min and 60 min after the start of drug application. Right
panel; the concentration-dependent changes in Fluo-3 fluorescence intensity by 3-300 uM nonivamide.
Column and bar respectively indicate average intensity and standard deviation of four samples. Asterisks (**)
show significant difference (P < 0.01) between the groups treated without and with nonivamide.
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Figure 3.  Effect of 100 uM nonivamide under normal Ca’" and Ca’*-free conditions and the comparison with
100 uM capsaicin. Left panel; attenuatzon of nonivamide-induced increase in the intensity of Fluo-3
fluorescence by removal of external Ca’*.  Right panel; comparison with capsaicin-induced increase in Fluo-3
fluorescence intensity. Column and bar respectively indicate average intensity and standard deviation of four
samples. Asterisks (**) show significant difference (P < 0.01) between the groups treated without and with
nonivamide.
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Figure 4. Effect of 100 uM nonivamide on Fluo-3 fluorescence in the continued presence of 100 uM capsaicin
and vice versa. Column and bar respectively indicate average intensity and standard deviation of four samples.
Asterisks (**) show significant difference (P < 0.01) between the group treated with nonivamide or capsaicin for
60 min and the group treated with capsaicin or nonivamide for 10 min in the continued presence of nonivamide
or capsaicin, respectively.
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As shown in Fig. 4, 100 uM capsaicin
significantly increased the intensity of Fluo-3
fluorescence in the continued presence of 100 uM
nonivamide. It was also true for 100 uM
nonivamide in the continued presence of 100 pM
capsaicin.

Discussion

As shown in Figs. 1-4, nonivamide at
concentrations ranging from 30 pM to 300 puM
significantly increased the intensity of Fluo-3
fluorescence, indicating the nonivamide-induced
increase in intracellular Ca** level. The potency of
nonivamide to increase intracellular Ca>" level seems
to be similar to that of capsaicin when the comparison
is made at 100 uM (Fig. 3). It is likely that the
increase in intracellular Ca*" level by nonivamide is
dependent on external Ca>" because the removal of
external Ca®" attenuated the nonivamide-induced
increase in intracellular Ca®*" level (Fig. 3).
Capsaicinoids activate vanilloid receptors coupled
with nonselective cation channels, resulting in the

increase in intracellular Ca*" level (Inoue et al., 2002).

Thymocytes possess vanilloid receptors that induce
Ca’ influx (Amantini et al., 2004). In fact, both
nonivamide and capsaicin increased the intensity of
Fluo-3 fluorescence, indicating the increase in
intracellular Ca®" level (Fig. 3). Desensitization of
vanilloid receptors is dependent on the elevation of
intracellular Ca®* (Vyklicky et al., 2008). As shown
in Figs. 2 and 4, the intensity of Fluo-3 fluorescence
returns to control level during the prolonged
incubation (60 min) with 100 pM nonivamide.
Interestingly, capsaicin significantly increased the
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intensity of Fluo-3 fluorescence in the continued
presence of 100 uM nonivamide and vice versa (Fig.
4). The result may implicate that nonivamide and
capsaicin function to the vanilloid receptors in an
independent manner. Further analysis on the
desensitization of vanilloid receptors in rat
thymocytes will be necessary to elucidate the
mechanism for the nonivamide-induced increase in
intracellular Ca®" level in the continued presence of

capsaicin.
As described above, nonivamide at high
micromolar concentrations increases intracellular

Ca’' levels. It may be likely that nonivamide affects
cellular functions because cellular Ca** signaling
plays important roles in thymocyte functions (Lewis,
2001; Hogan et al, 2010). Nonivamide at
concentrations ranging from 5 mg/L (17 pM) to 15
mg/L (51 uM) increased cytoplasmic Ca*" level of
algal cells (Zhou et al, 2013). Therefore,
nonivamide may exert cytotoxic action on
mammalian cells at the concentrations similar to
those on algal cells. Furthermore, there is no report
that nonivamide is accumulated in wild animals. At
present, it is hard to argue the implication of
nonivamide cytotoxicity in environmental sciences.
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